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FIGURE 5. Equipment loads measured in 15-min intervals. The top and bottom
edges of the boxes represent the 99th and first percentiles of the
measurements, respectively, while the ends of the upper and lower lines
represent maximum and minimum, respectively.
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Editor’s note: This is Part 2 in a two-part series. ~ one, it is about 17 w per square foot.
Part 1 was published in September. One or two laboratory spaces having compara-

equipment loads is fairly common. A

andling unit (AHU) with zone reheat
coils for temperature control (a

Underestimation of equipment-load problem arises when all spaces are served by a

of simultaneous heating and By PAUL MATHEW, PHD, widely used strategy). The high-

cooling, particularly with STEVE GREENBERG, PE, intensity spaces drive supply-

systems that use zone reheat and DALE SARTOR, PE, air temperatures and flows to

for temperature control. Lawrence Berkeley National Laboratory; handle their equipment loads.
Figure 5 shows equipment DAVID FRENZE, PE, As a result, the other spaces

loads measured in 15-min Earl Walls Associates; have to use reheat to maintain

intervals in various laboratory MICHAEL MOREHEAD, PE, desired temperatures.

spaces in the UC Davis (Uni- Flack + Kurtz Inc.;

versity of California, Davis) and WILLIAM STARR JR., ENERGY-USE ANALYSIS

building discussed in Part 1 of University of California, Davis To analyze the increase in

reheat-energy use arising from

maximum load is less than 6 w per square foot; equipment-load variation, several parametric
for a few, it is 6 to 10 w per square foot, while for  energy simulations were conducted using DOE-2.2

Paul Mathew, PhD, is a staff scientist for
Lawrence Berkeley National Laboratory
in Washington, D.C.; Steve Greenberg,
PE, is a staff mechanical engineer, and
Dale Sartor, PE, is applications team
leader for Lawrence Berkeley National
Laboratory in Berkeley, Calif.; David
Frenze, PE, is a principal of Earl Walls
Associates in San Diego; Michael
Morehead, PE, is vice president of Flack +
Kuriz Inc. in San Francisco; and William
Starr Jr. is a senior architect with the
University of California, Davis in Davis,
Calif

n October 2005 ¢« HPAC Engineering






Circle 000

B . s 0rRATORY HVAC

. . Zone 1
energy-simulation Typical load water reheat, a wa-
software. The simu- ter-cooled chiller
lation model con- Tygi'::glelﬁad plant, and a natural-
sisted of five labora- gas boiler. HVAC-
tory spaces served Zone 3 component and sys-

High-intensity load

tem efficiencies were

by a single AHU

(Figure 6). To elimi- Zone 4

consistent with good

nate envelope-re- Jypicalload practice. None of
lated load variations Zone 5 the HVAC-compo-
across the spaces, Typical load nent and system pa-

boundary condi-  FGURE 6. Simulation model used to
tions were assumed analyze the energy impact of load

rameters was varied.
The minimum out-

to be adiabatic. The variation. Zone 3 is about 12.5 percent of door-air ventilation

lighting and occu- the total area.
pancy load profiles
were identical.

Each parametric case consisted of two
simulations:

* Load variation—one zone with a
“high-intensity” equipment-load profile,
the remaining zones with a “typical” load
profile.

* Uniform loads—all zones with the
same equipment-load profile, which
represented an area-weighted average of
the “high-intensity” and “typical” load
profiles.

The simulated load profiles are illus-
trated in Figure 7. Total equipment load
in any given hour is identical for both,
as are all other parameters. Thus, energy
impacts of load variation can be isolated
and analyzed.

The base-case model was a variable-
air-volume (VAV) system with hot-

rate was 1 cfm per
square foot.

Figure 8 shows base-case source-
energy-use intensity in three climates
in the United States: San Francisco;
Washington, D.C.; and Atlanta. The
increase in total source-energy intensity
attributed to load variation ranged from
10 percent in San Francisco to 14 percent
in Atanta. An analysis of the simulation
results showed that the bulk of this
was attributed to additional heating. The
increase in heating-energy use attributed
to zone reheat coils was 48 percent in
Washington, D.C.; 50 percent in San
Francisco; and 68 percent in Atlanta.

In addition to location, increases in
reheat-energy use were shown to vary
by ventilation rate. Higher ventilation
rates increased total energy use. However,
as ventilation rates increased, heating and
cooling requirements were less “internal-
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FIGURE 7. Simulated equipment-load profiles.
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load-driven” and more “ventilation-
driven,” reducing the impact attributed 1,600
to load variation. Figure 9 shows that . 1,400 — +2%—
when the ventilation rate was doubled 21,200 = ﬁfﬁﬁﬁ'&s
to 2 cfm per square foot, the percentage 224 00
increase was 7 percent (vs. 11 percent 38 800
for 1 cfm per square foot). At 3 cfm per 2e +11%
square foot, the impact of load variation 8s 600
on reheat-energy use was minimal. S5 400
Another factor shown to affect é 200
0

increases in reheat-energy use was degree
of load variation. In the base case, the
high-intensity load was 12 w per square
foot, while the peak of the typical load
profile was about 3 w per square foot.
When the differential was reduced, the
increase in reheat-energy use fell. For
example, when the high-intensity load
was halved to 6 w per square foot, the

Uniform Variation
1 cfm/sf

Uniform Variation
2 cfm/sf

Uniform Variation
3 cfm/sf

FIGURE 9. Sensitivity analysis of source-energy-use intensities for different ventilation

rates. All results are for Washington, D.C.

ANSI/ASHRAE/IESNA Standard 90.1-
2001, Energy Standard for Buildings
Except Low-Rise Residential Buildings,

+14%

800
N Fectricity
Natural gas +11%
600
+10%

Source energy use,
kBtu per square foot per year

Uniform  Variation
San Francisco

Uniform Variation
Washington, D.C.

Uniform Variation
Atlanta

FIGURE 8. Base-case source-energy-use intensity in three U.S. climates: San Francisco;
Washington, D.C.; and Atlanta. The percentages are the increase in total source energy
relative to the uniform-load simulation for each case.

increase in reheat-energy use dropped
from 10 percent to 7 percent in San
Francisco and from 11 percent to 6 per-
cent in Washington, D.C. (Figure 10)
Although the HVAC controls were
assumed to be working properly, experi-
ence indicates that they often deviate
from design intent. As a result, energy
use attributed to simultaneous heating
and cooling can increase dramatically.

MINIMIZING REHEAT-ENERGY USE

If reheat-energy use is to be mini-
mized, first, it must be properly assessed
during design. Labs21 (Labs for the
21st Century) modeling guidelines,"”
which are used in conjunction with

specify a standardized approach to
incorporating load variation into

simulation models used for compliance
and benchmarking.

Figure 11 shows four options for
mitigating reheat-energy use: '’

* Dual duct with terminal heating
(DDTH). This system consists of two
separate variable-volume supply-air
streams—one tempered and one cold.
Labs with high cooling requirements
draw air primarily from the cold-air
stream, while others draw air primarily
from the tempered-air stream.

* Zone cooling and heating coils (ZC).
This system consists of a single tempered
supply-air stream, with the primary
cooling and heating provided by zone
heating and cooling coils.

* Ventilation air with local fan coils
(FC). In principle, this is similar to the
ZC system, the difference being that
heating and cooling are provided by

800
B Flectricity

/I Natural gas

+11%
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o
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Source energy use,
kBtu per square foot per year
o
o
o
|
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Uniform Variation Uniform Variation

Washington, D.C.

FIGURE 10. Sensitivity analysis of degree of load differential between high-intensity

space and typical zone.
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fan-coil units, rather than coils directly
in the ventilation-air stream.

o Ventilation air with radiant cooling
(RC). This system also features a tem-
pered supply-air stream for ventilation.

nance requirements more decentralized
than those of conventional VAV systems
with rehea, the energy savings may result
in lower overall life-cycle cost, depending
on the cost of energy and other contex-

Measurements from various laboratories indicate that peak
equipment load tends to be overestimated greatly. Further,

the data show significant loa

d variation hetween spaces.

Space cooling is provided by radiant
panels or chilled beams, while space
heating is provided by zone heating coils
located in the supply-air stream.

While the costs of constructing these
systems may be higher and the mainte-

Dual-temperature supply air with terminal heating

tual factors. Integrated design can mini-
mize construction-cost premiums.
Morehead'” documented the case of
2 90,000-sq-ft laboratory in which the
incremental cost of a DDTH system was
only about $16,400, which amounted to

about 18 cents per square foot. In load-
driven labs, ZC, FC, and RC systems
require less space for ducts because the
ducts are for ventilation air only. Also,
these systems provide more flexibility
by adding cooling capacity to spaces.

In many parts of the United States,
dehumidification requirements also
contribute significantly to reheat-energy
use. In those places, DDTH, ZC, FC,
and RC systems should incorporate
technologies such as energy-recovery
wheels and wrap-around heat-pipe coils.

In any of the system types described
above, continuous commissioning and
diagnostics can aid the identification of
zones with excessive reheat.

CONCLUSION

Measurements from various laborato-

Zone cooling and heating coils
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FIGURE 11. HVAC systems designed to minimize reheat-energy use attributed to load variation between zones.
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ries indicate that peak equipment
load tends to be overestimated greatly.
Further, the data show significant load
variation between spaces. Simulation
analysis demonstrates that this can result

tial reductions in HVAC-system size and
energy use.

To better evaluate the energy effi-
ciency of HVAC systems, load variation
must be accounted for accurately in

The cost of the measurements is far outweighed by the
potential reductions in HVAC-system size and energy use.

in simultaneous heating and cooling
and excessive energy use in VAV reheat
systems.

In laboratory HVAC design, meas-
ured equipment-load data from compa-
rable facilities can support system right-
sizing and optimization, minimizing
simultaneous heating and cooling and
saving initial construction costs and life-
cycle energy costs. The cost of the meas-
urements is far outweighed by the poten-

energy simulations conducted during
design.

Although this article focused on labo-
ratories, its lessons may apply to other
complex buildings, such as data centers,
cleanrooms, and hospitals, in which
equipment loads are high and variable
and for which measured data is lacking.
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